Mei4 is a key sporulation-specific transcription factor in fission yeast. Ectopic expression of Mei4 in vegetative cells caused formation of nucleated membranous compartments, which shared common features with normal forespore membranes, thereby perturbing nuclear division. These results suggest why expression of development-specific transcription factors must be strictly controlled.
GFP-tagged Psy1 to observe FSM-like membranous structures within the cytoplasm.
Psy1 is an S. pombe homolog of syntaxin, localizes to the plasma membrane during vegetative growth and translocates to the FSM after meiosis I (NAKAMURA et al. 2001) , and thus, GFP-Psy1 was used here as an FSM marker. Overproduction of Mei4 was confirmed by Western analysis, and the level was much higher than that during meiosis ( Figure S1 ). In vegetative cells, the GFP-Psy1 signal was observed mainly on the plasma membrane and the septum (Figure 1A, control) . About 70% of Mei4-overproducing cells contained cytoplasmic membranous structures that were visualized by GFP-Psy1 ( Figure 1A) . A significant proportion of these structures appeared to be either anucleate or nucleate membrane compartments ( Figure 1A , wild-type Mei4op). Because most of these structures were in close contact with SPBs ( Figure 1A ), we then determined whether these membrane-like structures were formed from spindle poles. As shown in Figure 1B , four cup-shaped GFP-Psy1 signals were observed at both ends of two spindle microtubules in Mei4-overproducing cells. In contrast, a typical mitotic spindle formed in cells harboring the control plasmid ( Figure   1B ). Prior to FSM formation, a meiotic SPB component Spo13 is expressed in a Mei4-dependent manner and recruited to the SPB, which is essential for initiation of FSM formation (NAKASE et al. 2008 ). Spo13-GFP fluorescence was not detected in vegetative cells (data not shown). In Mei4-overproducing vegetative cells, Spo13-GFP was observed as dots in the periphery of nuclei. Immunofluorescence microscopy with a Sad1 antibody showed that Spo13 colocalized with Sad1, an SPB-resident protein.
These data suggest that ectopic expression of Mei4, in turn, results in production of Spo13 and activates the SPB to form the membranous structure. the cytoplasm of Mei4-overproducing cells ( Figure 2B ). The membranes were composed of double unit membranes like the FSM. Furthermore, the interval between unit membranes was very similar to the FSM (Figure 2 C, D and E). In contrast, no such compartment was observed in control cells (Figure 2A ). It is known that many ribosomes attach to the endoplasmic reticulum (ER) membrane (NAKAMURA- KUBO et al. 2003) . However, no ribosomes were found on the membranous structure, indicating that the structure induced by Mei4-overproduction is not related to the ER. We conclude that the intracellular membranous compartments induced by Mei4 overproduction are an FSM-equivalent structure.
During vegetative growth, most cells are mononucleate because the cell cycle of S. pombe has a long G2 phase, and cell separation occurs by the end of S phase.
However, multinucleate cells were often observed by Mei4-overproduction (Figure 1 A and C). Approximately 60% of the cells were binucleate, and about 25% were tri-or tetra-nucleate, while only 17% of control cells were binucleate (Table 2) . We examined nuclear division in the mes1 mutant, which is defective in the second meiotic division (BRESCH et al. 1968) . In Mei4-overproducing cells, the mes1 mutation significantly increased the number of mononucleate cells, and remarkably, diminished the number of tri-or tetra-nucleate cells (Table 2) . A unique nuclear division pattern caused by Mei4 overproduction may require Mes1-mediated meiotic function. Interestingly, these abnormal nuclear divisions occurred with concomitant formation of abnormal FSM-like membranous structures. These membranous structures were observed in more than 80% of the binucleate and multinucleate cells. In contrast, only 8.6% of the mononucleate cells formed such structures. In mes1 cells overproducing mei4 + , no membranous structures were observed (data not shown). Although the cytoplasmic membranous compartments were not formed in spo13Δ cells, abnormal nuclear division occurred to the same extent in wild-type cells (data not shown). These observations suggest that ectopic formation of FSM-like membranes per se does not cause the unusual nuclear division pattern.
In this study, we provide evidence that untimely expression of a key sporulation-specific transcription factor Mei4 causes a striking morphological consequence, assembly of prespore-like membrane compartments. A genome-wide DNA microarray analysis has shown that expression of few meiosis-upregulated genes are not reduced in mei4Δ but increased by Mei4 overproduction (MATA et al. 2007) . S. pombe has four forkhead transcription factors other than Mei4. If the recognition sequences of these forkhead proteins resemble each other, overproduced Mei4 might enhance expression of genes that are normally governed by other forkhead transcription factors. As Fkh2 has been reported to be implicated in sporulation (SZILAGYI et al. 2005) , there is a possibility that some target genes of Fkh2 are induced by overproduced . However, Bgs2-GFP did not localize to the membranous structure but dispersed in the cytoplasm in Mei4-overproducing cells (data not shown). Because no viable spores could be produced, Mei4 expression is insufficient to mediate differentiation of vegetative cells to asci.
In addition, Mei4-overproduction perturbed nuclear division, depending partly on meiotic function, including Mes1 activity. In addition to transcriptional control of mei4 + , the transcript is selectively removed by the DSR-Mmi1 system, in which mRNAs containing a cis-acting region called the DSR (determinant of selective removal) are recognized by a YTH-family RNA-binding protein Mmi1 and are degraded in the exosome (HARIGAYA et al. 2006) . In the present study, overproduction of Mei4 from the multicopy plasmid pREP1 or pREP1A may have compensated for normal elimination of mei4 mRNAs by the DSR-Mmi1 system. Indeed, the substantial amount of Mei4 was detected in these cells ( Figure S1 ). In summary, our observations indicate that expression of development-specific transcription factors must be under strict control.
We presume that fission yeast has the DSR-Mmi1 system to ensure this control. MM+N at 30˚C for 16 h. Samples for electron microscopy were prepared as described (YE et al. 2007 ) and sections were viewed using an electron microscope (H-7600, Hitachi, Tokyo, Japan) at 100 kV. White arrowheads indicate the FSM-like membranous structure. (E) Fine structure of sporulating cell (MKW5). Arrowhead and arrow indicate the FSM and the SPB, respectively. 
